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ABSTRACT
The current study explored the relationship between three subtypes of impulsivity (Reflection Impulsivity, Impulsive Choice, and Impulsive Action) and measures of uncontrolled eating (TFEQ-D) and restraint (TFEQ-R). Eighty women classified as scoring higher or lower on TFEQ-D and TFEQ-R completed the Matching Familiar Figures Test (MFFT20), Delay Discounting Task (DDT), a Go No Go task, Balloon Analogue Risk Task (BART), and the Barrett Impulsivity Scale-11 (BIS-11).  To test whether these relationships were affected by enforced controls over eating, half of the participants fasted the night before and ate breakfast in the laboratory before testing and half had no such control.  Women scoring higher on the TFEQ-D were significantly more impulsive on the MFFT20 and BIS-11 overall but not on DDT, Go No Go or BART.  Women scoring higher on TFEQ-R were significantly less impulsive on the Go No Go task but did not differ on other measures.  The eating manipulation modulated responses on the BART and BIS-11 non-planning scale depending on TFEQ-D classification.  These results confirm recent data that high scores on TFEQ-D are related to impulsivity, but imply this relates more to Reflection Impulsivity rather than Impulsive Choice or Action.  In contrast restrained eating was associated with better inhibitory control.  Taken together, these results suggest that subtypes of impulsivity further differentiate uncontrolled eating and restraint, and suggest that a poor ability to reflect on decisions may underlie some aspects of overeating.
. 
INTRODUCTION

Individual differences in response to foods and food cues are recognised as important components of over-eating associated with weight gain and consequent obesity (reviewed by Berthoud, 2011; Epstein et al., 2010).  One measure of individual differences in eating behaviour that has been widely discussed as a potential predictor of future weight gain is the Disinhibition scale from the Three Factor Eating Questionnaire (TFEQ-D: Stunkard & Messick, 1985).  High scores on TFEQ-D subscale have been shown to correlate positively with body-mass index (BMI: Gallant et al., 2010; Williamson et al., 2006) and it has been suggested that high TFEQ-D scores are representative of a trait vulnerability to opportunistic eating in an obesogenic environment (Bryant et al., 2008; Chambers & Yeomans, 2011), leading some researchers to refer to this as “trait disinhibition”(Lattimore et al., 2011).  The key focus is now on identifying what specific individual characteristics underlie high scores on TFEQ-D.  One idea is that women with higher scores on the TFEQ-D do so partly because of an underlying impulsive phenotype (Bryant et al., 2010; Yeomans et al., 2008).  Thus scores on the TFEQ-D correlate positively with measures of impulsiveness (Lattimore et al., 2011; van Strien, 1997) and on some behavioural measures of impulsivity (Houben, 2011; Nederkoorn et al., 2009; Yeomans et al., 2008).  

Various measures of both trait impulsivity (i.e. self-reported longer term impulsive behaviour) and impulsive responding (impulsive behaviour in acute behavioural tests) have been shown to have a positive relationship with body-size (Batterink, 2010; Daruna, 1993; van den Berg L, 2011; Weller et al., 2008), binge eating (Carr, 2011; Carrard et al., 2012; Cassin & von Ranson, 2005; Krug et al., 2011; Waxman, 2009), bulimia nervosa (Engel et al., 2005; Kemps & Wilsdon, 2010; Wiederman & Pryor, 1996) and measures of food reinforcement (Epstein et al., 2012; Epstein et al., 2010).  However, impulsivity refers to a cluster of inter-related personal attributes, and further research is needed in order to gain greater insight into which of these attributes is most associated with different aspects of disordered eating.  There has been significant progress in achieving this for trait measures of impulsivity.  Factor-analysis of responses on self report impulsivity measures suggest four different factors: negative urgency, lack of planning, lack of perseverance and sensation seeking (Whiteside & Lynam, 2001).  The value of recognising the role of impulsivity subtypes is clear: meta-analysis of the relationship between impulsivity in general and bulimia nervosa only found a small effect (Stice, 2002), however subsequent meta-analysis of the relationship between the four trait impulsivity factors and bulimia nervosa found that negative urgency was strongly related to bulimia (Fischer et al., 2008).  These findings suggest a similar approach based on behavioural measures of impulsivity is needed.  

In terms of behavioural responses, impulsivity has been suggested to comprise of three distinct manifestations of psychological dysfunction (Dalley et al., 2011).  The tendency to accept small or immediate rewards in place of larger future outcomes (Impulsive Choice) is often interpreted as a measure of reward sensitivity (Evenden, 1999).  In contrast, ‘Impulsive Action’ reflects the failure to inhibit an inappropriate response to prepotent stimuli (Evenden, 1999).  Reflection Impulsivity relates to the failure to gather needed information and evaluate it prior to making a decision (Kagan, 1966).  Given the success of studies examining relationships between trait impulsivity and aspects of eating (Fischer et al., 2008), the primary aim of the present study was the extent to which a similar dissociation might be evident with behavioural measures of impulsivity, particularly on a measure of eating which is related to risk of weight gain, the TFEQ-D measure.

To date no study has examined simultaneously all three behavioural components of impulsivity in the same study, although all three types have been studied independently.  Thus, one study has reported higher Reflection Impulsivity on the Matching Familiar Figures Task (MFFT20) in overweight relative to normal weight children (Braet et al., 2007), and more Impulsive Choice on the Delay Discounting Task (DDT) has been reported both for obese relative to normal weight women (Kishinevsky et al., 2011; Weller et al., 2008) and critically, in relation to the present study high versus low scores on TFEQ-D (Yeomans et al., 2008).  Likewise, Impulsive Action as measured by the Go No Go task has been shown to be related to overeating (Guerrieri et al., 2012; Houben, 2011).  Thus, all three aspects of behavioural impulsivity appear to have some relationship with over-eating, but the absence of any study which included measures of all three components does not allow any inference on which aspect is most important.  

Analysis of trait impulsivity has identified some aspects that are not obviously captured by the core three components of behavioural impulsivity explored here, most notably sensation-seeking and risk-taking (Fischer et al., 2008; Mobbs et al., 2010).  There is some debate as to whether risk taking is an impulsive behaviour (Zuckerman & Kuhlman, 2000), or an element of sensation seeking, and risk taking may be better described as a condition that combines sensation seeking with reward driven motivation.  We therefore also included the Balloon Analogue Risk Task (Lejuez et al., 2002), which has been used to investigate risk taking in a variety of contexts with addictive and sensation seeking behaviours (Crowley et al., 2004; Hopko et al., 2006; Lejuez et al., 2003b).
Finally, in order to contrast behavioural measures with trait responses, participants also completed the Barratt Impulsiveness Scale BIS-11 (Patton et al., 1995), which has previously been related to binge-eating and overweight: women with active symptoms of Bulimia Nervosa score higher on BIS-11 than do healthy controls (Bruce et al., 2005), as do overweight women who binge eat in contrast to those who do not (Arias et al., 2006) and most recently Lattimore (2011) found a positive relationship between scores on the BIS and TFEQ- Uncontrolled and Emotional Eating subscales from the shortened version of the TFEQ.  High scores on the motoric subscale of the BIS-11 have been reported in bulimic populations compared to lean or restricting type anorectics (Steiger & Bruce, 2007), and high motoric impulsivity has been reported in women with high TFEQ-D scores (Lyke & Spinella, 2004).

The present study sought to address these prior limitations. First, we include measures of all three forms of behavioural impulsivity (Impulsive Choice, Impulsive Action, Reflection Impulsivity).  Second, we include a behavioural measure of risk taking along with a self-report measure to be consistent with the trait impulsivity literature.  Third, to avoid interpretational issue inherent in using individuals who are overweight or have an eating disorder, the present study used a younger normal-weight population (BMI< 25), using both the TFEQ-D and the TFEQ restraint scale (TFEQ-R) to characterise eating in line with recent studies in our laboratory (Chambers & Yeomans, 2011; Haynes et al., 2003; Yeomans & Coughlan, 2009; Yeomans et al., 2004) and elsewhere (de Lauzon et al., 2004; Gallant et al., 2010).  The study included measures of restrained eating since some studies in the literature have reported higher levels of impulsivity in women characterized by high levels of dietary restraint (Guerrieri et al., 2008; Guerrieri et al., 2009; Guerrieri et al., 2007; Jansen et al., 2009; Nederkoorn et al., 2004).  Fourth, we examined the impact of motivational state by manipulating time since last eating occasion.  The present study tested women in two conditions: either with requirements to control their eating prior to test (Controlled eating condition) or with no such requirements (Unrestricted eating condition).

In regard to the relationship between impulsivity and TFEQ-D, two different outcomes were anticipated.  Firstly, high scores on TFEQ-D might arise from a heightened response to rewards, consistent with this group showing greater sensitivity to palatability (Yeomans et al., 2004).  If so, we predicted that high TFEQ-D scores would be most strongly associated with greater Impulsive Choice, in line with findings of a positive correlation between TFEQ-D and performance on the DDT (Yeomans et al., 2008).  As the BART measure has also been suggested to relate to reward sensitivity (Bornovalova et al., 2009), high TFEQ-D might also be associated with greater risk taking on the BART task.  A second possibility, also supported by the literature (Guerrieri et al., 2012; Houben, 2011; Nederkoorn et al., 2004), was that a lack of impulsive inhibitory control (i.e. Impulsive Action) marks a general tendency for overeating, suggesting that performance on the Go No Go may relate to TFEQ-D scores.  This suggestion is consistent with the negative correlation between response inhibition and BMI (Elias et al., 2003; Gunstad et al., 2007; Waldstein & Katzel, 2006), and slower latencies on Stop Signal tasks in restrained women (Nederkoorn et al., 2004) and obese children (Nederkoorn et al., 2012).  The report of higher impulsive behaviour on the MFFT20 in overweight children (Braet et al., 2007) could suggest high TFEQ-D would also be associated with higher scores on the MFFT20 measure.  



METHOD

Participants.
Since the focus of this experiment was to contrast impulsivity between normal weight women with higher or lower scores on the TFEQ-D scale, we only tested women with BMI between 18 and 25 kg/m2, and TFEQ-D scores greater than nine or less than six.  However, since previous work has both suggested that impulsivity may be related to restrained eating (Nederkoorn et al., 2004) it was also important to control for restraint, we also classified women according to restraint resulting in four groups of participants.  The TFEQ-D cut-offs used in the present study represented the upper and lower tertiales on this scale from a database of scores for 690 women from the same study population in order to ensure a clear difference in TFEQ-D between groups.  A similar approach for TFEQ-R would have been ideal, but in practice the numbers of potential participants in the less common combinations of TFEQ-D and TFEQ-R (lower on disinhibition and higher restraint, LDHR: higher disinhibition, lower restraint, HDLR) would have made it impossible to recruit sufficient numbers.  Therefore, we identified the median TFEQ-R score, seven, from the 690 women on the database, and pre-classified participants scoring seven or less on TFEQ-R as lower Restrained, and eight or more as higher Restrained. 

Eighty normal weight female students were recruited, 20 in each of four TFEQ groups (High disinhibition, High restraint HDHR: LDHR: HDLR: Low disinhibition, Low restraint LDLR).  Ten women from each of these four groups were assigned randomly to the Controlled or Unrestricted eating conditions.  Sample size was estimated from power analysis of our previous dataset of DDT scores, applying the same TFEQ-D cut-offs, which with power of 0.8 indicated a sample of 58 women would be needed to replicate the group difference in DDT performance.  Women classified as higher or lower in restraint did not differ significantly on TFEQ-D, and conversely TFEQ-R scores did not differ significantly between women classified as higher or lower on TFEQ-D.  There were no significant group differences in BMI or age (Table 1).  Random assignment of women to the Controlled or Unrestricted eating conditions did not result in spurious group differences in TFEQ-D, TFEQ-R, BMI or age. 

Initial contact with potential candidates was by email to women on a database of potential volunteers who met the TFEQ criteria.  Potential participants were informed that the study involved a short cognitive task followed by completion of some questionnaire measures.  All participants gave their written informed consent, which varied depending on experimental condition, were paid a small sum of money on completion of the study, and were fully debriefed at the end of testing.  The study protocol conformed to British Psychological Society guidelines for ethical human research, and the University of Sussex Ethics committee approved the study protocol.

Controlled breakfast and eating test.
Participants in the Controlled eating condition were required to fast form 2300h on the previous evening, and to report to the laboratory where they were served a standard breakfast of cereal (60 g Crunchy Nut Cornflakes Kellogg’s brand), 200 g orange juice (Sainsbury’s plc UK) and 160 g of milk, totalling 400.4 kcal total.  They then returned for testing 3 hours later having been instructed not to eat or drink (accept water) in the meantime.  To enhance the impression that intake was tightly controlled, they were required to provide a sample of saliva under the ruse that this would be tested to ensure compliance (although in practice no analyses were made).

Self Report Measures for Eating Behaviour and Impulsivity 
The Three Factor Eating Questionnaire (TFEQ)
The TFEQ (Stunkard & Messick, 1985) is a widely used questionnaire measure of eating and dieting behaviours with three subscales of eating: Restrained Eating (to measure cognitive efforts to eat less), Disinhibited Eating (to measure the tendency to overeat), and Hunger.  The TFEQ was chosen since scores on TFEQ-D have been shown to be related to overweight and obesity in women (Bellisle, 2009; Bellisle, et al., 2004; Bryant, et al., 2008) as well as impulsivity, as well as a variety of behavioural measures associated with overeating (reviewed by Bryant et al., 2008).  Although two shorter versions of the TFEQ have since been developed, and scores on one of these has been reported to correlate with impulsivity (Lattimore et al., 2011), here we used the original 51-item version as this is still the most widely used measure, so making any findings easier to relate to the broader eating literature.

The Barrett Impulsivity Scale-11 
The Barratt Impulsiveness Scale (BIS-11) is a 30-item self report psychometric measure of trait impulsivity, comprised of three subscales (Motoric, Attentional and Non planning subscales), and its high test retest reliability and internal consistency have contributed to making it one of the most widely used measures of self reported impulsivity (Patton et al., 1995; Spinella, 2007).  The BIS-11 has been used to contrast trait impulsivity between forensic (Haden & Shiva, 2008; Patton et al., 1995) , clinical (Lewis et al., 2009), and eating disordered (Boisseau et al., 2012) groups.  The BIS-11 measure was chosen for use here because of its robust factor structure in which three distinct subtypes of impulsivity can be measured: Motoric, Non planning, and Attentional subtypes of impulsivity are measured in addition to a total score (BIS-11 total) which is a combination of all three subscale scores. 

Motoric impulsivity relates to a tendency to act on the spur of the moment without thinking. Respondents with high levels of this characteristic will have high scores on items such as ‘I find it hard to sit still for long periods of time,’. Impulsive non-planning relates to a person’s inability to plan for the future as well as present orientation; items with statements like ‘I plan tasks carefully,’ address this construct. Finally, attentional impulsivity relates to a person’s inability to focus on the task at hand, ‘I have racing thoughts’.

Impulsivity Performance Tasks
The Matching Familiar Figures Task (MFFT20).
The Matching Familiar Figures Test (Kagan et al., 1978) is a standard cognitive behavioural measure of impulsivity, which measures the cognitive process involved in “reflecting the accuracy of available hypothesis” (Kagan & Messer, 1975 p. 224, as cited by Salkind (1980).  Participants were required to match a target picture with the identical image in an array of six highly similar pictures, presented on screen, with response accuracy and the time to make the selection (latency) recorded automatically.  Reflection Impulsivity is assessed along two dimensions: the time taken to make the first response (correct or incorrect) and the accuracy of the first selected picture.  Those who respond too quickly by making an inaccurate selection, repeatedly, are deemed to be impulsive. The version used here was developed by (Salkind, 1980) and had 20 test stimuli, and studies confirm both the ecological validity (Buela-Casal, 2000; Miyakawa, 2001) and discriminative ability of the modified task (Loper & Hallahan, 1980).   Reflection Impulsivity was assessed using the i-score devised by Salkind and Wright (1977), which is calculated as the standard score of MFFT20 errors minus the standard score of MFFT20 latency (ZE – ZL).  Participants were given two practice trials before the actual test began. 

Delay Discounting Task (DDT).
The DDT used in this study was the same as that in our recent study (Yeomans et al., 2008), and was designed to measure the “subjective” value of a ‘standard’ £10 reward at six different delays (0, 7, 30 90, 180 and 365 days) relative to an ‘alternative’ variable immediate reward.  Participants were presented with paired choices between an immediate variable amount of money (£0.01, £0.25, £0.50, £1.00, £1.50, £2.00, £2.50, £3.00, £3.50, £4.00, £4.50, £5.00, £5.50, £6.00, £6.50, £7.00, 7.50, £8.00, £8.50, £9.00, £9.50, £10.00, or 10.50) and a fixed £10 amount after different delay intervals (0, 7, 30, 90, 180, and 365 days).  Combining the standard £10 at six different delays with the 23 alternative immediate rewards, the task comprised 138 choices (e.g. £5.00 now versus £10 in 90 days) presented in a random order.  The choices were presented on a computer screen as two coloured boxes, and participants indicated which of the two items they preferred by pressing one of two coloured keys on a button box.  The programme was run using Psyscope 1.2 running on a Macintosh G3 computer. 

Responses on the DDT were used to generate indifference points at each delay, estimated as the breakpoint between the lowest value where the delayed reward was consistently preferred and the highest value where the immediate reward was preferred (e.g. if at 30 days delay all values of £5 or more were preferred to the delayed £10 reward but the £10 delayed reward was preferred to an immediate reward of £4 or less, the indifference point was estimated as £4.50).  The area under the curve (AUC) method was used to calculate impulsive choice.  The AUC is a theoretically neutral measure of delay discounting countering the potential skew from individual data from the hyperbola method (Myerson, 2001).  Higher impulsivity is expressed as a smaller AUC value.  

Balloon Analogue Risk Task (BART).
The Balloon Analogue Risk Task (BART) used in this study was developed by Lejuez and colleagues (Aklin et al., 2005; Lejuez et al., 2003a; Lejuez et al., 2005; Lejuez et al., 2007; Lejuez et al., 2003b) and was run on a Dell PC running Windows XP.  The goal of the BART was to “earn” as much money as possible, by pumping a hypothetical balloon up (displayed on a computer screen).  Each time the participant opted to pump up the current balloon, the amount of money earned on that trial incremented by £0.05, and the participant had the option to “transfer” their accumulated money from that trial to their bank, ending that trial.  However, if they continued to pump up the balloon there was a risk that the balloon would burst, and all money gained on that trial consequently lost.  The procedure consisted of 30 balloons, and the participant could potentially earn £60.00 over the 30 trials.  However, the order in which balloons were presented was randomised, of which participants were made aware, so it was almost impossible to obtain the full reward.  After each explosion or money collection, the participant was presented with a new opportunity to “earn” money with a new balloon until all 30 balloons had been presented.  Impulsivity in this task is operationalized in two ways: the first is by explosions incurred during the test, and the second by the Adjusted Average Pumps, which is the average number of pumps excluding balloons that have exploded. 

Go No Go Task
The Go No Go task used the GoStop Impulsivity software (Dougherty et al., 2005) run on a Dell PC running Windows XP, and required participants to attend to a series of 5-digit stimuli that were presented on the computer screen.  The participant was required to respond when a “Go” target appeared, but to withhold their response when a “No Go” target appeared.  Go targets were stimuli that matched the previous 5-digit sequence in number and colour, whereas No Go signals were either different numbers, or a change from black to red half way through the trial.  This task presented both Go and No Go signals in the same stimulus modality (visual), thus enhancing the clarity of the interpretation between Go and No Go trials.  In previous investigations (Nederkoorn et al., 2004) the stop signal was communicated by a low buzz tone, as opposed to a visual ‘stop’ stimulus.  The primary independent variable to assess impulsiveness is the Stop Latency or the time between the No Go signal onset and response.  The GoStop programme adjusted the Stop Latency (in 25msec steps) based on the individual’s performance to the previous stop Signal in order to find the Stop Latency where participants responded accurately on 50% of No Go trials. 

Each five digit stimulus was presented for 700 msec, preceded by a 500 sec fixation point, which has been a combination suggested to discriminate between women with high and low trait impulsivity (Dougherty et al., 2005; Marsh et al., 2002).  Initially, the No Go signal was presented at 250 msec after the presentation of the Go signal (the black number stimulus that turned to red) and then this Stop Latency was adjusted dynamically depending on the responses of the participant: when they failed to inhibit their response, the delay was decreased by 25 msec, thereby making it easier to inhibit the next response. In this way, larger stop latencies were indicative of a stronger ability to inhibit responses, and shorter responses can be classified as more impulsive behaviour.  Participants completed two blocks of trials with 64 tests in each block.

Procedure
Participants in the Controlled eating condition were instructed to fast from 23:00h on the night before testing, and come to the laboratory to consume the standard breakfast and then return two hours later for testing between 11:00 and 13:00h.  In contrast, those in the Unrestricted eating condition were simply instructed to come to the laboratory between 11:00 and 13:00h.  

All testing was conducted in small, windowless test cubicles.  Participants completed the tasks in the order BIS-11, BART, DDT, MFFT20 and finally the Go No Go task.  When participants had finished all five tasks, they were thanked for their time, debriefed, and paid £ 5.00 for their participation.

Data Analysis 
A series of three-way ANOVA with TFEQ-D (high/low) and TFEQ-R (high/low) and controlled eating condition (Controlled/Unrestricted) as between-participant factors were used to explore differences on each of the five impulsivity measures.  The dependent variables were MFFT20 total errors, MFFT20 total time, MFFT20 i-score, BART total explosions, BART Adjusted Average Pumps, DDT Area Under the Curve, Go No Go stop latency and BIS-11 scores.  Computer errors meant data were missing for 2 participants on the DDT and for 5 on the Go No Go task.


RESULTS 
MFFT20
There were significant main effects of TFEQ-D classification on both the time taken to complete the MFFT20 (F (1,71)= 3.98, p=0.05: η2 = 0.05), and i-score (F(1,71)= 5.34, p=0.024: η2 = 0.07), but no significant main effect of TFEQ-R classification or eating condition, and no significant interactions.  As can be seen (Figure 1), those scoring high on TFEQ-D responded faster, and had a more impulsive i-score, than did those scoring low on TFEQ-D, regardless of TFEQ-R (restraint) classification.  The main effect of TFEQ-D on the total number of errors made on the MFFT20 also approached significance (F (1,71)= 3.36, p=0.07: η2 = 0.04), with a tendency for more errors in those scoring high on TFEQ-D (Figure 1b).

Go No Go Task 
Participants completed two blocks of trials on the Go No Go task, and in order to control for possible effects of learning or fatigue, test block was included as a within subjects variable.  As would be expected, there was a significant difference across blocks (F(1, 67) = 30.95, p<0.001: η2 = 0.31), with participants significantly less impulsive on the first block (283 ± 13 msec) compared to the second (347 ± 14).  However, there were no significant interactions between test block and any other variable.

There was a significant overall main effect of TFEQ-R classification on Go No Go performance (F(1,67) = 13.58, p<0.001: η2 = 0.18).  High restraint participants had lower Stop signal latencies than did Low restraint participants (269.2 ± 17.9 msec compared with 360.5 ± 17.2 msec), indicating that they could respond to shorter stop signal durations, and were thus less impulsive on this task.  In contrast, Go No Go performance did not depend on TFEQ-D classification (F(1,67) = 2.39, NS), and the restraint by disinhibition interaction was not significant (F(1,67) = 0.10, NS: see Figure 2).  There was no significant effect of the controlled food condition (F(1,67) = 0.01, NS), nor any significant interactions involving the food condition.

DDT
There were no significant main effects of TFEQ-D (F(1,70)= 1.34, NS), TFEQ-R (F(1, 70)= 1.04, NS), or eating condition (F(1, 70)= 0.12, NS) for the AUC measure of performance on the DDT, nor were any of the interactions significant (Table 2).  Thus there was no evidence of differences in Impulsive Choice between these groups of women.

BART
For the BART average adjusted pumps measure, regarded as the most sensitive measure on the BART task (White, 2008), there were no significant main effects of TFEQ-D (F(1,72) = 0.07, NS), TFEQ-R (F(1,72) = 1.90, NS) or eating condition (F(1,72) = 0.04, NS).  However, the interaction between TFEQ-D classification and eating condition was significant (F(1,72) = 4.60, p=0.035: η2 = 0.07), and this interaction is shown in Figure 3a.  Here, women scoring high on TFEQ-D were more risky (i.e. had more average pumps per balloon) in the Controlled than Unrestricted eating condition, whereas the reverse was seen in the Low disinhibition group.  No other interactions were significant, and no significant effects were seen with a second measure of performance on this task, total pumps made.  

Barratt Impulsivity Scale
In contrast to the behavioural tests of impulsivity, the BIS-11 allowed evaluation of longer-term self-reported impulsiveness between the groups.  It has been suggested that individuals scoring 72 or more on the BIS-11 total can be regarded as impulsive (Stanford et al., 2009), and 30/80 women in this study met this criterion.  For the BIS-11 total score, there was a significant main effect of TFEQ-D (F(1,72) = 5.08, p=0.027: η2 = 0.09), but no main effect of TFEQ-R (F(1,72) = 0.67, NS) or eating condition (F(1,72) = 3.48, NS).  There was also a significant interaction between TFEQ-D classification and the food condition (F(1,72) = 5.35, p=0.024: η2 = 0.08).  However, in contrast to the findings with the BART measure, this interaction reflected significantly higher BIS-11 scores for women scoring higher than lower on the TFEQ-D in the Unrestricted eating condition but no significant difference in the equivalent Controlled eating condition (Figure 3b).

Analysis of the three sub-scales of the BIS-11 also found significant group differences (Table 3).  On the BIS-11 attention subscale there was a significant main effect of TFEQ-R classification (F(1,72) = 4.48, p=0.038: η2 = 0.08), with the high TFEQ-R group more impulsive (19.1 ± 0.4) than the low group (17.7 ± 0.4), but no significant effect of TFEQ-D (F(1,72) = 2.25, NS), no interaction between TFEQ-D and TFEQ-R (F(1,72) = 2.25, NS), and no significant effects of food condition.  In contrast, the main effect of TFEQ-D was marginally significant for the BIS-11 motoric subscale (F(1,72) = 2.95, p=0.09: η2 = 0.05), with no significant effect of TFEQ-R (F(1,72) = 0.13, NS) or interaction (F(1,72) = 1.46, NS).  For the non-planning sub-scale, there was a significant main effect of food condition (F(1,72) = 7.62, p=0.007: η2 = 0.10), which interacted with TFEQ-D (F(1,72) = 9.58, p=0.003: η2 = 0.12), but no main effect of TFEQ-D (F(1,72) = 1.38, NS) or TFEQ-R (F(1,72) = 0.07, NS), and no other significant interactions.  As with the BIS-11 total, women scoring higher on TFEQ-D were more impulsive on this scale in the Unrestricted condition but TFEQ-D groups did not differ in the Controlled condition (Figure 3c). 

Inter-relationship between measures of Impulsivity
Table 4 summarises the correlations between the different measures of impulsivity.  There were no significant correlations between the four behavioural measures (MFFT20, DDT, Go No Go and BART).  There were significant correlations between two of the behavioural measures and specific trait impulsivity measures: DDT was negatively correlated with the BIS non-planning (r=-0.23, p=0.04) and motor (r=-0.23, p=0.05) sub-scales, and performance on Go No Go (averaged across the two test blocks) was negatively correlated with the BIS total (r = -0.28, p=0.15) and BIS attention sub-scale (r = -0.33, p=0.004). 

DISCUSSION
The main aim of the present study was to determine whether women who scored higher or lower on TFEQ-D and TFEQ-R could be differentiated by a specific subtype of impulsiveness, within a matrix of three distinct subtypes. The key original finding was that women scoring higher on TFEQ-D were found to have higher Reflection Impulsivity (indexed by scores on MFFT) and general impulsiveness (BIS-11), but not Impulsive Choice (DDT) or Impulsive Action (Go No Go) than did women scoring lower on TFEQ-D. 

Why might TFEQ-D be associated with impulsive responses on the MFFT20?  The MFFT20 requires participants to study carefully a series of stimuli, before selecting the picture matching the target stimulus.  A high i-score indicates that the incentive of finishing the task quickly is more important than finishing the task accurately, suggesting women scoring higher on TFEQ-D tend to behave without reflecting on potential negative outcomes.  This failure could, for example, result in a tendency to select a hedonically-attractive energy-dense foods, rather than to reflect on longer-term consequences for health.  Individuals who are overweight have self reported that an inability to control episodes of overeating can be triggered by certain “forbidden” foods (Greeno et al., 2000; Hetherington & MacDiarmid, 1993).  If individuals select food based on its availability or hedonic reward (Lowe & Butryn, 2007), the likelihood of developing obesity would be predictably higher.  Thus, the association between TFEQ-D and MFFT20 reported here could provide information regarding behavioural tendencies associated with a heightened risk for the development of overeating and weight related issues. 

The second major finding from the present investigation was that women with higher scores on TFEQ- R were significantly better at inhibiting inappropriate responses on the Go No Go task.  In contrast, previous studies have reported a poorer performance on Go No Go Tasks by restrained women (Nederkoorn et al., 2004).  This contradiction might be explained by use of different restraint measures: Nederkoorn (2004) used the Revised Restraint Scale (RRS: Herman, 1980) rather than TFEQ-R.  The RRS measures both failed dieting and weight fluctuation (Stice et al., 2004; van Strien et al., 2006), whereas TFEQ-R is a stronger measure of actual caloric restriction (Williamson et al., 2006).  It may be that ineffective restrained behaviour (higher scores on RRS) is associated with greater Impulsive Action, but effective restraint (higher scores on TFEQ-R but low scores on TFEQ-D) less Impulsive Action.  However, this would imply we should have found an interaction between TFEQ-R and TFEQ-D since it should have been women characterised as HRHD who should have shown greater impulsivity on the Go No Go task, but no such effect was evident.  Future research should look at this ambiguity in more detail. 

The present study was the first study to include the BART, a measure of propensity for risk taking and also perhaps a measure of Impulsive Choice.  However, neither classifying women by scores on TFEQ-R or TFEQ-D found overall differences on any BART measure.  There was some evidence that BART responses by women scoring higher on TFEQ-D depended on the controlled eating manipulation, since those women took greater risks on the BART in the Controlled than Unrestricted eating condition.  Since this was not predicted, and no such effects were seen in relation to restraint, we would consider this to be a preliminary finding.  Moreover, since the women classified as scoring higher on TFEQ-D who were in the Controlled eating condition also scored higher on the BIS-11 motoric scale, which is a longer-term “trait”-like measure, it may be that the apparent effects of the eating condition were a spurious consequence of group assignment.  If so, our results suggest that higher scores on the TFEQ-D may be associated with greater risk taking on the BART.

Studies using trait measures have identified negative urgency as a key facet of impulsivity associated with binge-eating (Fischer et al., 2008).  Impulsive responding on the MFFT20 is consistent with a role for urgency, although the specific relationship between scores on the MFFT20 and trait measures of urgency remain to be clarified, and notably in the present study scores on the trait measure (BIS-11) were not correlated with any MFFT20 measure.  Thus whether trait and behavioural measures of urgent decision making measure the same underlying mechanisms remains unclear. 

The present study also examined whether controlling participant’s eating prior to test impacted on performance on the different measures of impulsivity, and aside from a suggestion of the greater risk taking on BART discussed earlier, there was little evidence that this manipulation had any impact.  However, in order not to draw attention to appetite in the Unrestricted condition, no measures of rated hunger or meal diary was used.  It is therefore possible that women in the Controlled and Unrestricted conditions were in different appetitive states at the time of testing.  Even if this was so, however, the general lack of impact of this manipulation does not suggest that impulsive responding is affected by acute appetitive state, although the study was not powered to pick up more subtle effects of this manipulation.

One surprising outcome was the lack of difference in DDT performance between women scoring higher rather than lower on the TFEQ-D given that we have previously reported a correlation between TFEQ-D and DDT performance (Yeomans et al., 2008), and others suggest DDT performance might .  Although the present study was powered to detect a difference in DDT based on our previous finding, it is possible that variability in DDT performance (which was greater than expected) meant the present study was underpowered to detect small differences in DDT.  A further possibility is that the use of £10 as the constant delayed reward was too small.  However, the task we used was the same as in our earlier study, and there is a large body of recent evidence that DDT measured with sums similar to that used here (e.g. $10) have identified group differences in DDT performance, including between smokers and non-smokers (e.g. Reynolds & Fields, 2012) and as a predictor of acute food intake (Rollins et al., 2010).  Thus although the possibility that the reward used here could have impacted the study outcome, the broader literature suggests this is unlikely (Cardinal, 2006).  However, the lack of DDT difference was surprising and should be interpreted with caution.

Eating behaviour in the present study was indexed by scores on two sub-scales from the original 51-item TFEQ (Stunkard & Messick, 1985).  Although this approach allowed us to relate our findings to the large literature on behavioural differences between women scoring higher or lower on TFEQ-D and TFEQ-R, this approach has some limitations.  Firstly, although higher scores on TFEQ-D have been shown to relate to episodic overeating (Lawson, 1995), future studies should measure actual eating behaviour rather than relying on a self-report questionnaire.  Indeed, the finding that a measure of food-reward interacts with performance on the DDT to predict acute food intake (Rollins et al., 2010) demonstrates how some aspects of impulsivity may relate directly to eating.  Secondly, some researchers have questioned the structural validity of the 51 item TFEQ (e.g. Karlsson et al., 2000), and shorter versions have been developed that may have stronger construct validity.  In particular, the TFEQ-D has been suggested to combine aspects of Uncontrolled and Emotional eating, and shorter versions of the TFEQ try and separate these components.  The recent finding that scores on Uncontrolled Eating and to a lesser extent Emotional Eating from the 21-item TFEQ correlated with BIS-II scores (Lattimore et al., 2011) suggests that our finding of MFFT20 performance relating to TFEQ-D should be investigated further in relation to both Uncontrolled and Emotional eating.  Finally, while we used tertiales to generate a clear difference in TFEQ-D scores between groups, TFEQ-R was separated by median split only.  One concern might be that the relative lack of significant findings arose from inadequate difference in TFEQ-R scores between groups, although when we explored the data further by correlating actual TFEQ-R scores and the various measures of impulsivity, the only significant correlations were from the Go No Go task (block 1 r=-0.32, p=0.005: block 2 r=-0.24, p=0.039), despite the dataset having a wide range of TFEQ-R scores (0-18).

The three main behavioural measures of impulsivity (MFFT20, DDT and Go No Go) were selected to map onto current ideas about different aspects of impulsivity (Dalley et al., 2011).  Notably these three measures were not significantly correlated within the present sample, nor did they correlate with the BART measure of risk taking.  Given the relatively small sample size in the present study, the lack of significance needs to be interpreted with some caution, but other studies have also found a lack of correlation between DDT, Go No Go and BART measures (e.g. Reynolds et al., 2006).  There were however significant correlations between some trait and behavioural impulsivity measures.  Given the importance of negative urgency as a trait measure of impulsivity related to binge-eating and bulimia (Fischer et al., 2008), we particularly looked at relationships between behavioural measures and BIS-11 attention sub-scale since this has been shown to load on negative urgency.  BIS-11 attention was negatively correlated with stop signal latency on the Go No Go.  This was surprising since smaller stop latencies reflect lower behavioural impulsivity, and other studies have not reported similar correlations (e.g. Marsh et al., 2002).  In contrast, the correlations between DDT and BIS non-planning and motor sub-scales have been reported elsewhere (de Wit et al., 2007). Overall, analysis of the inter-relationships confirm the relative independence of the different behavioural measures tested here.

In summary, the current investigation found evidence that women with higher TFEQ-D scores were significantly more impulsive on measures of Reflection Impulsivity, and also that women who report lower levels of dietary restraint (TFEQ-R) exhibited more Impulsive Action (i.e. lesser ability for inhibition).  This current investigation enhances our understanding of the link between impulsivity and trait eating behaviour, suggesting that a specific subtype of impulsivity can be identified in the context of self reported overeating.  Future research needs to extend the current findings to include actual measures of eating to see which subtypes of impulsivity relate most closely to eating under controlled conditions rather than relying on self-report measures of eating behaviour as used here.
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Table 1. Average age, BMI and TFEQ restraint and disinhibition scores for the four groups of women in the two eating conditions.  Data are mean ± SEM, n=10.

	 
	Eating condition
	HDHR
	HDLR
	LDHR
	LDLR

	BMI
	Controlled
	22.9 ± 0.9
	24.2 ± 0.9
	24.2 ± 0.8
	21.1 ± 0.9

	
	Unrestricted
	22.8 ± 0.9
	23.0 ± 0.9
	22.6 ± 0.9
	22.4 ± 0.9

	Age
	Controlled
	21.0 ± 0.2
	20.7 ± 0.2
	22.1 ± 0.2
	21.8 ± 0.2

	
	Unrestricted
	23.9 ± 0.4
	23.7 ± 0.6
	22.1 ± 0.3
	22.0 ± 0.3

	TFEQ-R
	Controlled
	12.4 ± 0.8
	3.5 ± 0.8
	11.9 ± 0.9
	3.6 ± 0.9

	
	Unrestricted
	12.7 ± 0.9
	3.0 ± 0.9
	11.7 ± 0.9
	3.4 ± 0.8

	TFEQ-D
	Controlled
	12.0 ± 0.5
	11.7 ± 0.5
	3.1 ± 0.5
	3.4 ± 0.5

	
	Unrestricted
	12.8 ± 0.5
	10.1 ± 0.5
	3.6 ± 0.5
	3.4 ± 0.5





Table 2.  Impulsive Choice measured as Area Under the Curve from the Delay Discounting task depending on TFEQ group classification and eating condition.  All data are mean ± SEM, and n is reported in parentheses.

	Eating condition
	TFEQ Group

	
	HDHR
	HDLR
	LDHR
	LDLR

	Controlled
	4034 ± 423 (10)
	3030 ± 581 (10)
	2706 ± 559 (10)
	3224 ± 467 (10)

	Unrestricted
	3635 ± 432 (9)
	2869 ± 483 (9)
	3095 ± 475 (10)
	2912 ± 517 (10)




Table 3.  Responses on the three sub-scales of the Barratt Impulsivity Scale (BIS-II) depending on TFEQ group classification and eating condition.  All data are mean ± SEM: n=10.


	BIS-II measure
	Eating condition
	TFEQ Group

	
	
	HDHR
	HDLR
	LDHR
	LDLR

	Total Score

	Controlled
	67.3 ± 2.0
	68.2 ± 1.0
	69.4 ± 3.4
	66.3 ± 1.4

	
	Unrestricted
	75.7 ± 2.2 
	73.8 ± 2.3
	67.8 ± 3.3
	66.4 ± 2.3

	Attention subscale
	Controlled
	19.0 ± 1.1
	18.5 ± 1.1
	19.7 ± 0.7
	16.2 ± 0.7

	
	Unrestricted
	19.2 ± 0.9
	18.9 ± 1.1
	18.5 ± 1.0
	17.3 ± 0.5

	Motoric subscale
	Controlled
	23.7 ± 1.0
	25.0 ± 1.2
	22.8 ± 1.5
	23.7 ± 0.5

	
	Unrestricted
	24.2 ± 0.9
	25.7 ± 1.2
	24.2 ± 1.1
	21.8 ± 1.2

	Non-planning subscale
	Controlled
	24.6 ± 1.0
	24.7 ± 1.0
	26.9 ± 2.2
	26.4 ± 1.0

	
	Unrestricted
	32.3 ± 1.5
	29.2 ± 1.6
	25.1 ± 1.6
	27.5 ± 1.5 



Table 4.  Correlations between the different measures of impulsivity (n=73).
	
	MFFT20
	DDT
	Go No Go
	BART
	BIS-11

	
	Errors
	i-score
	
	
	
	Total
	Attention
	Non-planning
	Motor

	MFFT20 time
	-0.34**
	-0.82***
	0.18
	0.16
	0.03
	-0.11
	-0.00
	-0.18
	-0.01

	MFFT20 Errors
	
	-0.82***
	0.03
	-0.17
	-0.20
	0.06
	0.03
	-0.05
	0.18

	MFFT20 i-score
	
	
	0.03
	-0.20
	-0.13
	0.11
	0.02
	0.08
	0.12

	DDT
	
	
	
	-0.05
	-0.03
	-0.21
	0.13
	-0.23*
	-0.22*

	Go No Go
	
	
	
	
	-0.04
	-0.28*
	-0.33**
	-0.12
	-0.16

	BART
	
	
	
	
	
	-0.01
	-0.10
	0.03
	0.01

	BIS-11 Total
	
	
	
	
	
	
	0.49***
	0.76***
	0.69***

	BIS-11 Attention
	
	
	
	
	
	
	
	0.06
	0.17

	BIS-11 Non planning
	
	
	
	
	
	
	
	
	0.21





Figure 1.  	Responses on the Matching Familiar Figures Task (MFFT20) for women classified as scoring higher on both TFEQ-D and TFEQ-R (HDHR), higher on TFEQ-D but lower on TFEQ-R (HDLR), lower on TFEQ-D but higher on TFEQ-R (LDHR) and lower on both scales (LDLR).  Data are mean ± SEM  (a) average response time (b) errors made and (c) i-score, n=20 in each group. 
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[image: ]Figure 2.	Mean (±SEM) Stop Latencies on the Go No Go task for women classified as scoring higher on both TFEQ-D and TFEQ-R (HDHR), higher on TFEQ-D but lower on TFEQ-R (HDLR), lower on TFEQ-D but higher on TFEQ-R (LDHR) and lower on both scales (LDLR).  Numbers in each group are displayed below each group label.


[bookmark: _GoBack]Figure 3.	Responses of women classified as scoring higher (solid bars) or lower (open bars) on the TFEQ-D scale depending on whether they were tested in the Controlled or Unrestricted eating conditions. (A) Average adjusted pumps measure from the BART task, (B) total scores on the BIS-11 and (C) scores on the Non-planning sub-scale of the BIS-11.  All data are mean ± SEM. Significant differences between TFEQ groups in each eating condition are indicated: * p<0.05, ** p<0.01.
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